A single cycle of selection in the F2, F3, F4 and F7 generations using the overall means of the individual hierarchies as their predicted breeding values, has been applied retrospectively to seven metrical traits scored on 784 F7 inbreds extracted from the cross of varieties 2 and 12 of Nicotiana rustica by the method of pedigree inbreeding. The hierarchical structure within 98 F2 groups each of 8 F7 families is further used to determine the distribution and source of the superior inbreds within each hierarchy. While the efficiency of selection improved steadily the more advanced the generations in which it was applied, superior recombinants originated more frequently in the early than in the late generations. The hierarchical method of inbreeding, however, favours the recovery of recombinants from the advanced generations and in the present case the two balance each other exactly. The improvement in response to selection in the advanced generations is completely associated with the relative reductions in error variances and is, therefore, not attributable to any genuine change in the genetic covariances.
INTRODUCTION
There are no theoretical or practical reasons for preferring pedigree inbreeding to single seed descent for extracting random samples of recombinant inbred lines from a cross (Jinks and Pooni, 1981a , 1981b , 1982 , 1984 . Traditionally, however, pedigree inbreeding includes early generation assessment as a basis for selecting for an increase in the frequency of desirable genotypes.
Preliminary observations on characters of intermediate to low heritability suggest that the value of such selection is low (Brumpton. Boughey and Jinks, 1977; Jinks, Jayasekara and Boughey, 1977; Boughey and Jinks, 1978; Jinks and Pooni, 198la) . These observations have been repeated on a larger scale for the highly heterotic cross of varieties 2 and 12 of Nicotiana rustica using characters which display a wide range of heritabilities and amounts and kinds of genetical variation (Pooni, Jinks and Jayasekara, 1978) .
MATERIAL AND METHOD
The material is 784 F7 families obtained by pedigree inbreeding from a random sample of 98 F2 plants of the cross of varieties 2 and 12 of Nicotiana rustica. Each original F2 plant is represented by a random sample of 8, hierarchically related, F7 families (see Jinks and Pooni, 1984 for details). The data consist of seven characters scored on eight replicates of each of the 784 families.
In a previous paper (Jinks and Pooni, 1984) we presented the frequencies of potentially useful recombinant inbred lines among the 784 families defining these as having mean performances which fell outside of the parental range ( P1, P2) or better than their heterotic F1. We shall first examine the distribution of the superior inbreds within and between the 98 F'2 groups of 8 F families that make up the 784. Within each F2 group we shall determine at which generation of the pedigree the superior families emerged.
Since we shall be identifying the superior recombinant inbred lines at the F7, we shall also examine how much earlier in the breeding programme we could have identified those lineages which have yielded the higher than average frequencies of superior inbred lines.
RESULTS

Distribution of hierarchies
negative correlation with the number of superior inbreds in each class, in other words potentially superior hierarchies tend to be relatively rarer than the less potent hierarchies. The number of hierarchies falling into each class and their totals over classes with 1 to 8 superior inbreds also vary from character to character. These differences, however, depend exclusively on the degree of gene association in the parents and the amount of additive genetic variability which is present in the original cross. D1 and D2) attributable to the F2 and F3 generations are observed to be smaller than those attributable to later generations (D3 and D4+D5) for most of the characters due to the presence of repulsion linkages (Jinks and Pooni, 1984 This categorisation is specifically used to cross classify hierarchies which fall under the P2 group because previously they were counted twice, once in the P1 and then in the P2 class (see table 1 ). The proportions of hierarchies that fall into the three categories on the basis of their overall means is similar to those for inbred lines derived from the same cross by single seed descent (see table 5 of Jinks and Pooni, 1984) except that for every character the relative numbers in the P and P2 categories are always less than those of the SSD lines. This is expected because the total genetic variance present amongst the hierarchy means (D1 + D2+ D3 + 1D4+ = D) is significantly smaller than that present amongst the random inbreds extracted by single seed descent (D + D2+D3+D4+ =D).
There are many hierarchies with a small range coupled with extreme performance (P P1 and P2 P2) and only few with a high or low performance coupled with a large range. The differences between the P1 and P1 >P2, and P2 P2 and <P1 P2 categories depend directly on the proportion of the additive _genetic difference between the parents (P1 and P2) that results in a net difference between their means, that is, the degree of gene association in the parents. Consequently the numbers of hierarchies falling into each of the six categories in table 3(b) should be highly correlated with the degree of gene association in the absence of complications such as epistasis and genotype x environmental interactions. These correlations over characters take the values of -08278, 05020NS _0•6016NS, 08613, -09406 and 08030 for categories I to 6, respectively (see table 3 ).
Selection amongst lineages
The 784 F7 families used in the present experiment were produced during a short span of three years starting in the summer of 1978 when the 98 F2 plants of the V2 xV12 cross were raised in a field experiment and selfed. While the material was rapidly advanced at the rate of two generations per year the performances of the 98 F, and 196 F4 families were assessed during the summer of 1980 when the two generations were raised in two separate experiments. We can, therefore, apply selection to the F2, F3 and F4 data retrospectively to find out if selection in these early generations increases the chances of retaining lineages with superior inbreds. Only one cycle of selection on individual traits has, however, been applied. Multicycle/multi-trait selection will be the subject of a further paper.
The selection criterion we apply is relatively simple. For each character we take the phenotypic scores of the 98 F2 individuals and select the S highest and 5 lowest scoring phenotypes. We then trace the descendents of the selected phenotypes through to the F7 generation and assess their average performance by obtaining the overall mean of the hierarchies of families to which they give rise. We apply the same selection criteria to the F3, F4 and F7 generations and make the results comparable by selecting only amongst the 98 hierarchy means. The results of these selections are presented in table 4.
Also given for comparison are the average performances of the 5 highest scoring and 5 lowest scoring inbred lines that are present amongst the 60 inbreds extracted from the V2 xV12 cross by the method of single seed descent (Pooni, Jinks and Jayasekara, 1978 
CONCLUSIONS
The main conclusion we can draw from the first part of "Results" is that each cycle of recombination makes an important and an approximately equal contribution to the production of superior inbreds (see tables 1, 2 and 3). While superior recombinants in the F2 and F3 generations are essential for obtaining superior hierarchies that have a majority of inbreds (5 or more out of 8) with a superior performance defined as P1 or P2, the recombination in the F4 and F5 generations generates disproportionately large numbers of superior inbreds in spite of the predictable reduction in heterozygosity. This is because the heritabilities. The present results therefore differ from those for the V1 xV5 cross which has lower levels of heritability (Jinks and Pooni, 1981a hierarchical system of inbreeding allows more chances of recovering recombinants in the more advanced than in the early generations. In the bifurcating system used in our experiment the chances of recovering recombinants doubles every generation. On the other hand, the frequency of recombinants is much higher in the early generations and in the present case these two opposing trends balance each other exactly. Consequently the proportions of superior inbreds arising from segregation in the various generations are approximately equal.
It is also clear from table 3 that nearly all of the 98 F2 and 196 F3 plants chosen for further selfing were heterozygous. Virtually none of the lineages have therefore attained complete homozygosity in the early generations. Conversely none of these F2 and F3 plants appears to be heterozygous at as many loci as the original F1 because not a single hierarchy has inbred lines that display had to conduct to apply one cycle of selection, including seed production (99+22 man days), costs almost 6 times the manpower that is required for advancing one generation of inbreeding by single seed descent (22 man days). Therefore, until and unless there are some clear advantages in imposing selections in the initial stages of a breeding programme such as better truncation levels for multiple traits, single seed descent is the most cost effective method for producing inbreds from a cross.
